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World Nuclear Association: Requerimientos de uranio (2021) = 62,496 tU = 73,698 t U;0q4
Aproximadamente 200 ton de U;Og4 por reactor de 1000 MWe por afio de operacion
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NEA (2022). Meeting Climate Change 1argets: The Role of Nuclear Energy. OECD .

www.oecd-nea.org/jcms/pl 69396/meeting-climate-change-targets-the-role-of-nuclear-energy



http://www.oecd-nea.org/jcms/pl_69396/meeting-climate-change-targets-the-role-of-nuclear-energy

i % REUTERS’

Dow and X-energy to build U.S. Gulf Coast nuclear
demonstration plant

https://www.reuters.com/business/energy/dow-x-energy-build-us-gulf-coast-nuclear-demonstration-plant-2023-03-01/

Xe-100



https://nucleus.iaea.org/sites/smr/Shared%20Documents/SMR%20Booklet _22-9-22.pdf
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World Nuclear Association Image Library:
https://www.world-nuclear.org/gallery/the-world-nuclear-fuel-report-expanded-summary/the-nuclear-fuel-cycle.aspx
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Uranio

Uranium ore (left) — pitchblende (right)
https://en.wikipedia.org/wiki/Uranium_ore

Open pit uranium mine.

Wikimedia Commons [Online]
https://upload.wikimedia.org/wikipedia/commons/5/51/Arandis Mine quer.jpg

Uranium 2022: Resources, Production and Demand (Red Book).
https://www.oecd-nea.org/upload/docs/application/pdf/2023-04/7634 uranium_-_resources_production_and_demand_2022.pdf


https://upload.wikimedia.org/wikipedia/commons/5/51/Arandis_Mine_quer.jpg
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https://infcis.iaea.org/UDEPO/Deposit/Map



Torio



Molienda

“Torta amarilla”: U304
https://en.wikipedia.org/wiki/Yellowcake

https://www.eia.gov/energyexplained/nuclear/the-nuclear-fuel-cycle.php



https://www.eia.gov/energyexplained/nuclear/the-nuclear-fuel-cycle.php

U305 + 2Hp ===>3U0; + 2H,0 AH=-109 kJ/mol C O nve rS i c,) n

or UDg + Hy ===>UD, + H,0 AH=-109 kJ/mol

This reduced oxide is then reacted in another kiln with gaseous hydrogen fluoride (HF) to form uranium tetrafluoride (UF4), though in some
places this is made with aqueous HF by a wet process:

U0, + 4HF ===> UF, + 2H,0 AH=-176 kJ/mol

The tetrafluoride is then fed into a fluidized bed reactor or flame tower with gaseous fluorine to produce uranium
hexafluoride, UFs. Hexafluoride (‘hex’) is condensed and stored.

UFy+ Fz ====UF;

https://world-nuclear.org/information-library/nuclear-fuel-cycle/conversion-enrichment-and-fabrication/conversion-and-deconversion.aspx



UTS: Unidades de trabajo separativo E n rl q u e CI m I e nto

XpMp

XM
XTMT

XeFMe= XpMp + XTMT

Centrifugacion gaseosa

International Atomic Energy Agency, Nuclear Fuel Cycle Information
System, 2009 Edition, IAEA-TECDOC-1613

Basic Professional Training Course. Module XVI1: Fuel cycle, spent fuel management and safety
transport of radioactive materials. International Atomic Energy Agency, September 2015.



Fabricacion

Fabricacidon de ensambles combustibles de reactores de agua ligera
WNA, https://www.world-nuclear.org/information-library/nuclear-fuel-cycle/conversion-enrichment-and-fabrication/fuel-fabrication.aspx



Fabricacion

Manufacture of a fuel assembly
n n B n A group of structurally independent rods in

Uranium pellet Cladding Rod Fuel assembly rigid units. The reactor core in a 1,000

MWe plant is composed of approximately

A~ 150 fuel assemblies.
I 10 mm )
8 mm .

Nl

It contains fissionable material
(U-235) in the form of enriched
ceramic UO2, where the chain re- Built with zircaloy (Zr alloy). It encapsulates
action fission is produced. the pellets and ensures their hermeticism.

B Foro Nuclear
.

Foro de la Industria Muclear Espafiola

https://www.foronuclear.org/en/resources/infographics/manufacture-of-a-fuel-assembly



FISION NUCLEAR
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AUTOSOSTENIDA



Reactores de neutrones rapidos: v = 14,000 km/s (Ec =1 MeV)
5% < e <20% U-235
—>Cria y transmutacion

Reactores de neutrones térmicos:
v =2.2km/s (Ec =0.025 eV)
e <5% U-235
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Requerimientos de uranio para una recarga de combustible



Nuclear Fuel Cycle Simulation System

https://infcis.iaea.org/NFCSS/modeling/material



Parte final del ciclo de combustible — Back end



Combustible gastado
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Calor de decaimiento tipico de un ensamble combustible de un PWR



Transuranic

. Elements
Combustible gastado
BTNp 2.14-10% a
238pqy 7.7 a
239py 24100 a
240py 6560 a
241py 14.3 a
242py; 3.74-10° a
241 Am 433 a
242mAm 141 a
243 Am 7360 a
22Cm 163 d
#3Cm 30.0 a
211Cm 18.0 a
215Cm 8500 a

Radiotoxicidad del combustible gastado _ o _ _
Inventario de actinidos menores acumulados a nivel mundial

IAEA Nuclear Energy Series No. NF-T-4.6. (2009). Status of Minor Actinide Fuel Development. Vienna, Austria



Almacenamiento temporal de combustible gastado

Spent fuel storage in pools at nuclear energy plants

Nuclear Energy Institute:
https://www.youtube.com/watch?v=G h4mCCzsbs

Dry cask storage for spent fuel at nuclear energy plants

Nuclear Energy Institute:
https://www.youtube.com/watch?v=rh6FeQWuhCs



https://www.youtube.com/watch?v=G_h4mCCzsbs
https://www.youtube.com/watch?v=rh6FeQWuhCs

Transporte de combustible gastado

Transportation of a spent fuel cask by railcar.
https://www.ornl.gov/division/rnsd/projects/spent-nuclear-
fuel-transportation

Spent nuclear fuel transportation cask.
https://www.ornl.gov/division/rnsd/projects/spent-nuclear-fuel-
transportation



https://www.ornl.gov/division/rnsd/projects/spent-nuclear-fuel-transportation
https://www.ornl.gov/division/rnsd/projects/spent-nuclear-fuel-transportation
https://www.ornl.gov/division/rnsd/projects/spent-nuclear-fuel-transportation
https://www.ornl.gov/division/rnsd/projects/spent-nuclear-fuel-transportation

Reprocesamiento

PUREX process (simplified Flow sheet)
https://commons.wikimedia.org/wiki/File:Plutonium and uranium extraction from nuclear fuel-eng.svqg



https://commons.wikimedia.org/wiki/File:Plutonium_and_uranium_extraction_from_nuclear_fuel-eng.svg

Reprocesamiento

Pyroprocessing process.
http://people.vcu.edu/~sphongikaroon/laboratories.html



http://people.vcu.edu/%7Esphongikaroon/laboratories.html

Country T

France

France

Russian
Federation

United
Kingdom

Facility Name

La Hague - UP2-800

La Hague - UP3

RT-1 Plant

NDA Sellafield Magnox
Reprocessing

Reprocesamiento

Facility Type

Spent Fuel Reprocessing -
aqueous route

Spent Fuel Reprocessing -
aqueous route

Spent Fuel Reprocessing -
aqueous route

Spent Fuel Reprocessing -
aqueous route

https://infcis.iaea.org/NFCFDB/facilities

Fuel

Type

Facility
Status

In Operation

In Operation

In Operation

In Operation

Scale

Commercial

Commercial

Commercial

Commercial

Design

Capacity

1000 t HM/year

1000 t HM/year

400 t Ufyear

1000 t U/year

Start of

Operation

1996

1990

1977

1964

End of

Operation

2020



Almacenamiento geologico profundo

https://www.enresa.es/esp/inicio/actividades-y-proyectos/residuos-de-alta-actividad



Onkalo: Primer Almacen Geologico Profundo del Mundo

Finlandia

https://rinconeducativo.org/es/noticias/onkalo-primer-almacen-geologico-profundo-del-mundo/



Ciclo de Combustible Nuclear Avanzado






Utilizacidn de uranio
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J.L. Francois. El ciclo de combustible y la sostenibilidad de la energia nuclear. Revista Eficiencia Energética, Afio
10, Numero 35, Diciembre, 2022.



Masa de combustible gastado acumulado
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J.L. Francois. El ciclo de combustible y la sostenibilidad de la energia nuclear. Revista Eficiencia Energética, Afio
10, Numero 35, Diciembre, 2022.



Resource utilisation (%)

Estrategias de utilizacion del combustible nuclear
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Radiological cleanliness (radiotoxicity reduction)



Disefio del nucleo del EM?

Vista transversal del niicleo del EM?



Year

E. Morones-Garcia , J.L. Francois. Alternatives to the burnup strategy and fuel material of the EM2 modular reactor. Annals of Nuclear Energy. Vol. 182, 109638, pp. 1-15, 2023.
https://doi.org/10.1016/j.anucene.2022.109638.



Transmutacion y decaimiento radioactivo

En fisica nuclear, conversion de un elemento quimico en otro. Supone un cambio en la

estructura del ndcleo atémico inducido por una reaccion nuclear o espontaneamente por

una desintegracion radiactiva.

https://www.foronuclear.org/descubre-la-energia-nuclear/glosario-de-terminos/transmutacion/

https://infcis.iaea.org/NFCSS/modeling/reactor



Cria de combustible

Trasmutacion



MA transmutation Is a unique fast reactor feature

Minor actinides (americium, neptunium, curium) are fission products of uranium and plutonium. Their total content
in SNF is less than 1%. However, it is their impact that determines the activity and heat release of highly-
radioactive waste after 300 years of holdup.

« ROSATOM proposes to dispose minor actinides by burning them in fast reactors.

« ROSATOM'’s fleet of operating fast reactors (BN-600, BN-800) as well as those which are
under construction and development (BN-1200M, BREST-300) applicable for minor actinides
burning on an industrial scale.

* Technology is proven in the certain tests in the research reactors (BOR-60).

Stable fission
products

MA transmutation allows to dispose of the most long-lived radioactive waste fraction

44
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Ciclos de Combustible Avanzado



Balanced Approach to Fissile Materials

_ REMIX Fuel Assembly _ _
100% charging 1% 239Py + 4% 235 Enriched uranium

of the reactor core; (up to 17% by 235U
4-years operating
period / \

Burnup level — In-core Irradiation (U-Pu)O, based Nom-cenarated
up to 50 Fuel Fabrication -S p. r
. U-Pu mixture
GWit-day/tu
v U and Pu Recycling
(

Spent Fuel Reprocessing o
Spent Fuel Cooling Radioisotopes
for medicine
Approx. . and industr
S@Zars\ Vitrified HLW y
Disposal

Spent REMIX Fuel
2% 23°Pu + 1% 235U

World Nuclear Fuel Cycle conference, Abu Dhabi, United Arab Emirates, April 06, 2016

The content of this presentation is for discussion purposes only. It does not constitute an offer of services, nor does it impose, or lead to, any obligations on ROSATOM or its
affiliates. ROSATOM expressly disclaims responsibility for any errors, inaccuracies or omissions in respect of the information contained herein.
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Fuel Feed Material Nuclear Fuel Nuclear Power Plant/ Separations Back-end
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Argonne &

NATIOMAL LABORATORY

Nuclear Fuel Cycle Evaluation and Screening

https://fuelcycleevaluation.inl.gov/SitePages/Home.aspx

Nuclear Fuel Cycle Cost Calculator. https://cnpce.ne.anl.gov/cgi-bin/gnecost?select=benefits&id=ObcetDmnzwdObAmZ



Gracias por su atencion

e

juan.luis.francois@gmail.com
http://www.facebook.com/GRINUNAM
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